ABSTRACT RX J0513.1+0851 and RX J0539.9+0956 were previously identified as young, low-mass, single-lined spectroscopic binary systems and classified as weak-lined T Tauri stars at visible wavelengths. Here we present radial velocities, spectral types, v sin i values, and flux ratios for the components in these systems resulting from two-dimensional cross-correlation analysis. These results are based on highresolution, near-infrared spectroscopy taken with the Keck II telescope to provide a first characterization of these systems as double-lined rather than single-lined. It applies the power of infrared spectroscopy to the detection of cool secondaries; the flux scales as a less steep function of mass in the infrared than in the visible, thus enabling an identification of low-mass secondaries. We found that the RX J0513.1+0851 and RX J0539.9+0956 primary stars are fast rotators, 60 km s −1
and 80 km s −1 respectively; this introduces extra difficulty in the detection of the secondary component as a result of the quite broad absorption lines. To date, these are the highest rotational velocities measured for a pre-main sequence spectroscopic binary. The orbital parameters and mass ratios were determined by combining new visible light spectroscopy with our infrared data for both systems. For RX J0513.1+0851, we derived a period of ∼4 days and a mass ratio of q = 0.46 ± 0.01 and for RX J0539.9+0956, a period of ∼1117 days and a mass ratio of q = 0.66 ± 0.01. Based on our derived properties for the stellar components, we estimate the luminosities and hence distances to these binaries at 220 pc and 90 pc. They appear to be significantly closer than previously estimated.
Introduction
Stellar mass is a vital parameter in the life of a star and determines all the evolutionary stages of a single object. Theoretical models for the evolution of young stars are widely used to estimate stellar masses and ages. For the pre-main sequence (PMS) phase, the theoretical calculations for stars above 1.2 M ⊙ are approximately consistent with each other. However, for stars less massive than 1.2 M ⊙ , the predicted masses are different for different models (Hillenbrand & White 2004; Simon 2008) . Thus, for low-mass young stars, these estimates are not reliable and few observations exist with which to improve the models.
Close to half of stars with spectral type GKM have a stellar companion (e.g., Raghavan et al. 2010) . In the last two decades, theoretical formation models for binary stars have been evolving. These models assume that the two stars were formed together in the same environment and that their characteristics strongly depend on the initial conditions within the molecular cloud core (Bate 2000) . The predictions of these models point out that close binaries are more likely to have similar mass components. However, it is hard to determine the accuracy of these calculations because a direct test requires looking at the statistical properties of a large sample of young double stars, such as the mass ratio distribution. Existing observations reveal at least some fraction of binary systems with small mass ratios (Prato et al. 2002a ). However, these results are limited by the small number of young binary systems with accurately measured mass ratios.
The study of individual components in young spectroscopic systems offers further insight into binary formation. The projected rotational velocity of a star provides clues to the angular momentum evolution and may be correlated with the age of the system (Delfosse et al. 1998 ) and the initial conditions of the parent molecular cloud. Some studies of the rotational velocity indicate strong stellar activity (Browning 2008; Meibom et al. 2007 ), as Alcalá et al. (1996) suggest with respect to RX J0513.1+0851.
Young spectroscopic binary (SB) systems are fundamental for the understanding of the formation and the evolution of pre-main sequence stars. The dynamical mass ratio can be calculated from the radial velocities (RVs) of a double-lined SB system (SB2). For systems that are angularly resolvable or for eclipsing systems, the component stellar masses may be measured with high accuracy (Schaefer et al. 2008 (Schaefer et al. , 2012 Boden et al. 2012) . Many of the known young SB systems are single-lined (SB1). An SB1 does not provide information about the mass ratio; it only allows us to determine the mass function from the calculated orbital parameters, based on the observed primary star RVs. The orbital inclination and masses of the primary and secondary stars are inseparable in the mass function .
order to increase the sample size of young SB2s with measured mass ratios, we used the fact that the low-mass secondary component is cooler and redder than the primary component and thus can be detected more efficiently at infrared (IR) wavelengths (e.g. Prato et al. 2002b) . Applying this technique, we have observed RX J0513.1+0851 and RX J0539.9+0956 spectroscopically in the IR. Alcalá et al. (1996) characterized RX J0513.1+0851 and RX J0539.9+0956 as young, with ages of ≤ 10 7 years, and with spectral types of K3 and K5, respectively. Selected from a survey made by the X−ray satellite ROSAT, RX J0513.1+0851 showed an emission line with equivalent width of W(Hα) = −19.5 ± 0.30Å, an absorption line of W(Li) = 0.25Å, but an absence of forbidden lines such as [SII] λλ 4068, 4132, 6717 and 6731Å, and [OI] λ 6300 and 6363Å, characteristic of classical T Tauri stars (CTTs). Based on these results, Alcala et al. classified this system as a weak-lined T Tauri star (WTTs). Alcalá et al. (1996) attribute the Hα emission as indicative of a very active chromosphere or flare activity during the spectroscopic observations. In addition, RX J0513.1+0851 is not extinguished and does not present a near-IR excess (Table 1) , which indicates a lack of circumstellar or circumbinary dust.
The distance to RX J0539.9+0956 was estimated at 460 pc (Alcalá et al. 1996) , with a temperature of approximately 4,840 K and a stellar luminosity of 15.9 L ⊙ (Marilli et al. 2007 ). Martín (1997) found a very short rotation period (Table 1) for this system, possibly symptomatic of an evolved low-mass WTTs approaching the zero age main sequence (ZAMS) with a steady increase of the rotation rate during its contraction. This object was treated as a single star to determine its rotational period (Marilli et al. 2007 ), a reasonable assumption for visible light observations. Table 1 summarizes the general properties of RX J0539.9+0956 (Marilli et al. 2007; Alcalá et al. 1996 Alcalá et al. , 2000 . Near-and mid-IR photometry for RX J0539.9+0956, from 2MASS and Wide-field Infrared Survey Explorer (WISE) data, indicates a lack of significant IR excess and thus little or no circumstellar or circumbinary dust.
In this paper, we present the detection of low-mass secondary components in two rapidly rotating, young spectroscopic binary systems, RX J0513.1+0851 and RX J0539.9+0956, found by using high-resolution IR spectroscopy to measure the component RVs. These systems are unique within the small sample of about 50 known PMS SB2s because of their very rapid rotation. Section 2 provides a summary of our observations and data reduction. We describe our analysis in section 3 and our results in section 4. Section 5 is a discussion and section 6 lists our conclusions.
Observations and Data Reduction

Visible Light Spectroscopy
High-resolution visible light spectra for RX J0513.1+0851 were taken over a period of 6 years. A total of 32 spectra were obtained between 1996 December and 2002 November with two nearly identical echelle spectrographs (Latham 1992 ) mounted on the 1.5m Tillinghast reflector at the F. L. Whipple Observatory on Mt. Hopkins (AZ) and on the 4.5 m-equivalent Multiple Mirror Telescope (also on Mt. Hopkins) before its conversion to a monolithic mirror. A single echelle order spanning 45Å was recorded with photon-counting Reticon detectors at a central wavelength of 5187Å with a resolving power of R = λ/∆λ ≈ 35, 000. The signal-to-noise ratios of these spectra range from 9 to 12, per resolution element of 8.5 km s −1 .
Visible light spectra for RX J0539.9+0956 were also taken with the two echelle spectrographs on the 1.5m Tillinghast reflector and on the 4.5m-equivalent Multiple Mirror Telescope. Additional spectra were taken with the 1.5m Wyeth reflector at the Oak Ridge Observatory (in the town of Harvard, MA). A total of 46 spectra were gathered for this star using the three telescopes between 1992 January and 2009 January; signal-to-noise ratios ranged from 10 to 29 per resolution element and R = λ/∆λ ≈ 35, 000.
Near-IR Spectroscopy
IR spectra of RX J0513.1+0851 and RX J0539.9+0956 were obtained with the Keck II telescope and the near-IR spectrometer, NIRSPEC, on Mauna Kea (McLean et al. 1998 (McLean et al. , 2000 . NIRSPEC is a cross-dispersed cryogenic echelle spectrometer using a 1024 x 1024 ALADDIN III InSb array detector. The wavelength range in the near-IR covers 0.95 to 5.4 µm; the resolving power is 30,000 (8 km s −1 ) using a 0.288 arcsec slit width (2 pixels). The read noise is ∼25 electrons rms. The observations were taken in a pattern of four exposures, nodded between two positions on the sky, and hence on the spectrograph slit, in an ABBA sequence for each target in order to subtract the background emission and bad pixels.
For the detection of the secondary component, the IR spectroscopic technique requires well-defined absorption lines in the stellar spectra. Blending with the telluric lines 1 inherent in the Earth's atmosphere can confuse the secondary star signal and also requires observations of a telluric standard star to remove these features. In order to avoid telluric absorption, the targets were observed in the H-band (1.545-1.565 µm) with a central wavelength ∼ 1.555 µm, corresponding to NIRSPEC order 49. This order provides spectra nearly free of terrestrial absorption (Rousselot et al. 2000) .
IR Observations for RX J0513.1+0851 were made during a period of 10 years, between 2002 February and 2012 January, and for RX J0539.9+0956 between December 2001 and January 2012; specific dates appear in Tables 4 and 5. All data were reduced using the REDSPEC software package designed at UCLA specially for the analysis of NIRSPEC data. The reduced and barycentric corrected spectra for order 49 are shown in Figures 1 and 2 . Further details of the data reduction may be found in Mace et al. (2009) .
Analysis
Visible Light RVs
Primary star RV measurements based on the visible light observations of RX J0513.1+0851 and RX J0539.9+0956 were obtained by cross-correlation using the IRAF 2 task XCSAO (Kurtz & Mink 1998) and templates from a large library of synthetic spectra calculated by J. Morse, based on model atmospheres by R. L. Kurucz 3 (see Nordstroem et al. 1994; Latham et al. 2002) . Of the four parameters that characterize these templates (effective temperature, rotational velocity, metallicity, surface gravity), the two that affect the RVs the most are the temperature and rotational velocity. We determined these by seeking the best overall match to the observed spectra as measured by the correlation coefficient averaged over all exposures of each star (see Torres et al. 2002) . For the unknown metallicity we adopted solar composition, and we also held the surface gravity fixed at the value log g = 4.0, typical for pre-main sequence stars. For RX J0513.1+0851, we found that a template with an effective temperature of 5000 K and a projected rotational velocity of 50 km s −1 produced the highest cross-correlation coefficient. In the case of RX J0539.9+0956, the best match was found for a temperature also of 5000 K, and a projected rotational velocity of 60 km s −1 . Tables 2 and 3 show the barycentric Julian dates of the observations and the primary RVs and uncertainties found for RX J0513.1+0851 and RX J0539.9+0956, respectively. The uncertainties were originally determined taking into account both the internal errors as well as the signal-to-noise ratio of the individual observations. They were then adjusted through iterations by applying a multiplicative factor until the reduced χ 2 from a single-lined orbital solution based only on these velocities was near unity. These are the uncertainties listed in Tables 2 and 3 .
Infrared Radial Velocities
To measure the IR RVs (Tables 4 and 5 ) we used a two-dimensional cross-correlation algorithm (e.g., Zucker & Mazeh 1994 ). The observed spectrum of an SB2 is correlated against a model composed of two template spectra, which represent the primary and the secondary components. This requires high quality template spectra with considerable similarity to the spectra of the stars in the SB2. For this purpose, observed spectra of high signal-to-noise ratio were used as primary and secondary star templates (e.g., Prato et al. 2002a ). The template spectra were corrected for barycentric motion and the continua flattened. It was not possible to determine consistent results on the basis of synthetic template spectra (see Mace et al. 2012 ).
In addition, to obtain a good match between the template spectra and the observed spectrum, we rotationally broadened the template spectra by convolving them with a linebroadening function (Prato 2007; Bender et al. 2005; Gray 1992; Claret 2000) . The secondary to primary light ratios (α = l 2 /l 1 ) play an important role in maximizing the correlation coefficient (Zucker & Mazeh 1994) . Therefore, the light ratio was determined using the phase at which the component RVs have the greatest difference, and was then held fixed for the analysis of all other phases.
Uncertainties in the IR RVs for both SB systems were initially determined following the same procedure as in Mace et al. (2012) ; we found primary and secondary star RV uncertainties of 4.0 and 5.5 km s −1 and 3.0 and 4.0 km s −1 for RX J0513.1+0851 and RX J0539.9+0956, respectively. The relatively large uncertainties are likely the result of the high rotational broadening in the absorption lines. In the derivation of the double-lined orbital solution, we repeated the same procedure as for the visible light data alone and iteratively multiplied the uncertainties by multiplicative constants until the χ 2 value was close to unity ( §3.3).
RX J0513.1+0851
The observed template spectra (Prato et al. 2002a ) that best matched our RX J0513.05+0851 observations were HD 283750 and GL 752 A, of spectral types K2 and M2, respectively. We found projected rotational velocities, v sin is, of 60 km s −1 for the primary component and 30 km s −1 for the secondary component, and an intensity ratio between the two components of 0.20 (Table 6 ). These projected rotational velocities and the intensity ratio maximize the cross correlation coefficient. We estimated an uncertainty of ± 10 km s −1 for the v sin i values and ± 0.10 for intensity ratio by varying these parameters until the correlation coefficient decreased measurably. Table 4 shows the barycentric Julian dates of the observations, along with the RVs and final σ(RV) values for RX J0513.05+0851. As a preliminary analysis, we made use of the procedure described in Wilson (1941) to derive approximate values of q = 0.44 ± 0.01 for the mass ratio and γ = 68.90 ± 0.52 km s −1 for the center of mass velocity (Fig. 3) .
RX J0539.9+0956
From Figure 2 it is evident that the absorption lines of RX J0539.9+0956 are very broad, meaning that there is a high rotational velocity in the dominant stellar component. Crosscorrelation of the spectra for each epoch yielded a K5 (GL 1094) with v sin i = 80 km s
and an M3 (GL 15 A) with v sin i = 40 km s −1 for the primary and secondary, respectively. The best fit was found with an M3/K5 intensity ratio of 0.25 (Table 6) . Uncertainties of ± 10 km s −1 and ± 0.10 for the v sin i values and intensity ratio, respectively, were found as for RX J0513.1+0851. Table 5 shows the IR RVs, final σ(RV) values, and barycentric dates of the observations for RX J0539.9+0956. A preliminary analysis was performed following Wilson (1941) ; we plotted the six epochs of the primary versus secondary RVs (Figure 4 ) and found a mass ratio of q = 0.69 ± 0.08 and a center-of-mass velocity γ =15.7 ± 0.9 km s −1 .
We note a similar inconsistency in the magnitude of the v sin i values between the visible light and IR observations as in Mace et al. (2012) ; the IR values are systematically larger. This difference possibly results from how v sin i is taken into account in the suite of crosscorrelation templates. For the visible light templates, synthetic spectra were created with rotation inherent in the model atmosphere. To simulate a range of v sin i values in the observed IR templates, a rotation kernel was convolved with the template spectra (e.g., Prato 2007 ). Although it is unclear why this might result in discrepant values for the v sin i measured in the V -and H-bands, it seems unlikely that the difference has a physical origin.
Results
We used the Levenberg-Marquardt approach (Press et al. 1992 ) to provide a leastsquares orbital fit on the basis of the measured RVs. We excluded IR spectrum taken for RX J0513.1+0851 on UT 2002 Jan 1 from our analysis because, in spite of the high signal-to-noise (Figure 1) , the secondary star RV was completely inconsistent with our solution based on all other epochs. In order to adjust the measured visible light and IR RVs so that the reference frame zero points from the two data sets were consistent, we found orbital solutions on the basis of the combined data with an extra free parameter, ∆γ, which indicates the difference in the center of mass RV between the visible and IR RVs. We then corrected all the RVs to a common center of mass velocity by adding this constant, ∆γ, to all the measured IR RVs in order to reference the results to the frame of the visible light data. For RX J0513.1+0851 this difference in γ was −0.5 km s −1 and for RX J0539.9+0956 it was −0.96 km s −1 (Table 7) . Combining the visible light and corrected IR RVs produced the best orbital parameters. Table 7 lists the orbital period (P , in days), eccentricity (e), time of periastron passage (T 0 ), longitude of periastron (ω, in degrees), velocity semi-amplitude for the primary and secondary components (K 1 , K 2 , in km s −1 ), and center of mass velocity (γ, in km s −1 ). Derived quantities are the projected semi-major axis of the primary and the secondary (a 1,2 sin i), the mass ratio (q = M 2 /M 1 ), and the minimum masses (M 1 sin 3 i and M 2 sin 3 i). We cannot determine M 1 , M 2 or i independently.
As noted in § 3.1 and § 3.2, the best orbital solutions were obtained with a series of iterations, multiplying first the visible light RV uncertainties, then the visible light plus IR primary star RV uncertainties, and finally the IR secondary star RV uncertainties by constants such that the visible-only single-lined solution, the visible+IR single-lined solution, and finally the full visible+IR double-lined solution χ 2 per degree of freedom was approximately unity. Respectively, the constants found for RX J0513.1+085 were 1.25, 0.98, and 0.9. For RX J0539.9+0956 we found 1.2, 0.5, and 0.77. The final, multiplied uncertainties used in the non-linear fit are shown in Tables 2, 3, 4 and 5. Uncertainties in the orbital parameters were determined from the orbital solution found using the Levenberg-Marquardt approach.
The mass ratio and the center of mass velocity for RX J0513.1+085 given in Table 7 are consistent with those derived from the Wilson (1941) approach to within 1-2σ. The RV versus phase curve is plotted in Figure 5 , showing the primary star velocities in the visible and IR, and secondary star velocities in the IR, as a function of phase. The observed RVs are almost all within 1σ of the calculated orbit.
Similarly, for RX J0539.9+0956, the mass ratio and the center-of-mass velocity derived from the Wilson (1941) approximation are consistent with those in Table 7 to within 1-2σ.
The orbital solution is plotted in Fig. 6 ; the observed RVs are typically within 1σ of the orbital solution except for a few of the visible light RVs.
Discussion
RX J0513.05+0851
We measured the primary and secondary stars in the RX J0513.1+0851 SB by crosscorrelating a K2 and an M2 with respective projected rotational velocities (v sin i) of ∼ 60 km s −1 and ∼ 30 km s −1 . This factor of two difference in their projected velocities could result from differences in accretion or in magnetic braking as a function of mass Gómez Maqueo Chew et al. 2009) . It is also possible that the stellar rotation axes are not aligned, although this would be surprising in such a short-period (∼4 day) system. Alcalá et al. (1996) located this system at ∼ 400 pc, corresponding to the distance of the Orion cloud complex (Jeffries 2007) . Using 2MASS JHK magnitudes to determine an A v of ∼ 0.38, as in Prato et al. (2003) , and assuming that RX J0513.1+0851 is in Orion, the total luminosity is L ∼ 5.5 L ⊙ . This is very large for these spectral types, even if we suppose the system is only a few Myr old. In addition, RX J0513.05+0851 has a high center of mass velocity, γ ∼ 66.8 ± 0.6 km s −1 , which is not characteristic of Orion or of the known young, nearby stellar associations and clusters (Zuckerman & Song 2004) . These discrepancies lead us the following considerations:
• RX J0513.1+0851 is probably not part of the Orion cloud complex. Dolan & Mathieu (2001) associated strong lithium sources identified in λ Ori with RVs of the systems and found a strong peak at ∼ 24.5 km s −1 with a dispersion of 2.3 km s −1 ( Figure  7) . Previously, the RV range found for some Orion member stars was 21 to 30 km s −1 (Hartmann et al. 1986 ). With a center of mass velocity of 66.8 ± 0.6 km s −1 , RX J0513.1+0851 is many sigma outside this range. RX J0513.1+0851 is likely closer than 400 pc and part of a different population. We examined the proper motion of RX J0513.1+0851 (Høg et al. 2000) , and compared it to ∼a dozen putative 32 Ori members (Mace et al. 2009; Shvonski et al. 2010; Mamajek 2012) . Although RX J0513.1+0851 is in the same part of the sky as 32 Ori, its center of mass velocity and proper motion are distinct; thus, we conclude that it is not a member of this group either.
• For RX J0513.1+0851, W(Li) = 0.25Å (Alcalá et al. 1996) , on the low end of the range of lithium-rich stars in Orion with values between 0.2 and 0.8Å (Dolan & Mathieu 2001; Alcalá et al. 2000) . Figure 8 shows lithium equivalent width versus effective temperature for single stars. Using the derived spectral type for the primary star of K2 and assuming the system's W(Li) measurement is associated with the primary star, the location of RX J0513.1+0851 primary in Figure 8 is consistent with the upper envelope for young open clusters adopted by Martín & Magazzù (1999) . Traditionally, low-mass PMS objects are found in the vicinity of star-forming regions. However, there is evidence for young Li-rich, magnetically active, late-type WTTs which are widely dispersed (Neuhäuser 1997) . If RX J0513.1+0851 is a PMS system and part of an open cluster, it is likely still moving out from the region where it was formed. Alternatively, RX J0513.1+0851 could have formed locally in small cloud-let, which has dispersed (Feigelson 1996) .
• Authors such as Sterzik et al. (1995) and Reipurth & Clarke (2003) have suggested a scenario of possible ejections of low-mass stars from the molecular parent cloud. This is based on the dynamical interactions that occur within small groupings, specifically the scenario of three stars which pass close enough that their motions are strongly perturbed relative to one and other. The interchange of energy within the three body system will cause one of the stars to acquire more kinetic energy, resulting in the ejection of the lightest member or least stable member. The total energy is conserved and the kinetic energy of the escaping star is released by the formation of a binary star system. However, the ejected star with the higher kinetic energy should be single, thus this does not satisfactorily explain the high center of mass velocity for the RX J0513.1+0851 binary.
• In order to estimate a distance we rely on the models of Baraffe et al. (1998) , shown in Figure 9 . Although these and other tracks are not totally accurate, and our project aims to provide fundamental data to improve these models, we use them here as a tool to estimate some of the stellar properties. The reasonableness and consistency of our results may also be indicative of the accuracy of the models 4 . Given the spectral types determined for RX J0513.1+0851 in our cross-correlation analysis, K2 and M2, we adopt the intermediate temperature scale of Luhman (1999) and estimate the corresponding effective temperatures (T eff ). Uncertainties for T eff are ∼145 K, equal to ±1 spectral subclass. Projecting the values of log(T eff ) in a vertical line (not plotted) across the Baraffe et al. (1998) tracks in Figure 9 and requiring that the two binary components be coeval, we found that the 10 Myr isochrone is most consistent with the intensity ratio, 0.2, determined from the two-dimensional cross-correlation, given the values of the component T eff . The combined T eff values and the 10 Myr isochrone yield a mass of 1.2 ± 0.1 M ⊙ for the primary star and 0.58 ± 0.1 M ⊙ for the secondary star.
Fortuitously, these values result in a mass ratio almost identical to our value of 0.46. The adopted T eff along with the 10 Myr isochrone lead to estimated luminosities for the components of L 1 = 1.12 L ⊙ and L 2 = 0.16 L ⊙ , and a total luminosity for the system of L tot = 1.28 L ⊙ . Inverting the process described in Prato et al. (2003) for finding the luminosity based on the near-IR magnitudes, A v , K-band excess, and distance, we now use 2MASS magnitudes, A v = 0.38, and zero K-band excess to estimate a distance to RX J0513.1+0851 of 220pc.
RX J0539.9+0956
Results from our analysis revealed spectral types of K5 and M3 and rapid rotation for both the primary component of RX J0539.9+0956, v sin i ∼ 80 km s −1 , and for the secondary, v sin i ∼ 40 km s −1 . The detection of the secondary component was quite challenging because of the high component rotational velocities. The difference between the rotational velocities, a factor of two, could be attributed to the initial formation conditions or to uneven early accretion Gómez Maqueo Chew et al. 2009 ), as for RX J0513.1+0851. It is also possible, given the ∼ 3 year period of this system, that the stellar inclinations are distinct. Marilli et al. (2007) found a luminosity for RX J0539.9+0956 of L = 15.9 L ⊙ assuming this system is a member of Orion and a mean distance to the Orion complex of 460 pc; the relatively large lithium equivalent width (Table 1) is consistent with the corresponding assumption of youth. However, stars of spectral types, K5 and M3, are not massive enough to emit such a high luminosity, even if we assume an age of 1 Myr. We thus take into account similar considerations and follow a parallel procedure as describe in § 4.1 for RX J0513+0851. We draw the following conclusions:
• The center of mass RV of RX J0539.9+0956 is 15.40 ± 0.33 km s −1 , only moderately inconsistent with the RV of the λ Ori association in Orion of 24.5 km s −1 with dispersion of 2.3 km s −1 (Dolan & Mathieu 2001) (Figure 7 ) and the RV range from 21 to 30 km s −1 found for some Orion member stars by Hartmann et al. (1986) . Thus we cannot necessarily exclude this system from membership in the Orion region given the relatively large scatter in the association members' RVs. A stronger argument against membership in Orion is that its ∼400 pc distance would necessitate an unphysically large luminosity, given the spectral types of the stars in RX J0539.9+0956. As in the case of RX J0513.1+0851, we examined the proper motion of RX J0539.9+0956 (Høg et al. 2000) compared to those of 32 Ori members (Mace et al. 2009; Shvonski et al. 2010; Mamajek 2012) . In spite of the spatial coincidence with 32 Ori, the RX J0539.9+0956 center of mass velocity and proper motion are distinct thus it is unlikely to be a 32 Ori member.
• Even if it is not located in Orion, the presence of a small lithium equivalent width in RX J0539.9+0956 indicates youth. Figure 8 suggests that RX J0539.9+0956 is a post T Tauri star (PTTs), as described by Martín (1997) . If the transition from WTTSs to PTTSs takes place at around 10 Myr of age (Martín 1998) , a PTTs could be defined as a low-mass young star that has not yet reached the ZAMS. This points to a relatively young age for RX J0539.9+0956. Briceño et al. (1997) argued that the presence of a detectable lithium equivalent width is still consistent with the zero age main sequence (ZAMS). They claimed that the majority of the RASS lithium-rich stars found in the general direction of star forming regions are not PMS. Another scenario for the presence of lithium was proposed by Alcalá et al. (1996) who posit that for late-type stars it is possible to overestimate the W(Li) in low-resolution spectra with blending between nearby lines, especially for fast rotators. A third possibility is that stellar rotation may affect lithium depletion, hence the preservation of lithium content at high v sin i rates (Balachandran et al. 2011 ).
• To estimate the RX J0539.9+0956 luminosity and distance, we again relied on the models of Baraffe et al. (1998) . From Luhman (1999) we found values of T eff of 4365 K and 3468 K for the spectral types determined by cross-correlation, K5 and M3. The isochrone most consistent with these T eff s, coeval binary components, and our observed flux ratio, 0.25, has an age of about 30 Myr (Figure 9 ). The theoretical models predict for the primary star a mass of 0.8 ± 0.1 M ⊙ and 0.4 ± 0.1 M ⊙ for the secondary star. The corresponding mass ratio, 0.5, is within ∼1σ of our dynamical results. Following the same analysis as for RX J0513.1+0851, we find that the corresponding component and thus total luminosities (
imply a distance of 90 pc.
Summary
We used high-resolution IR spectroscopy in order to measure the Doppler shift in the absorption lines of both components in two young SB2s, RX J0513.1+0851 and RX J0539.9+0956. On the basis of high-resolution, visible light spectroscopy these systems were initially identified by Alcalá et al. (1996) as SBs and were thought to be located in Orion cloud complex (d≈400pc). Using two-dimensional cross-correlation, we measured the IR RVs for the primary and the secondary of both binaries, combined these values with the earlier epochs of visible light data, and found a double-lined orbital solution for each system. The best spectral types found in the cross-correlation of the IR data are a K2 with v sin i = 60 km s −1 as the primary and an M2 with v sin i = 30 km s −1 as the secondary for RX J0513.1+0851, and a K5 with v sin i = 80 km s −1 as the primary and an M3 with v sin i = 40 km s −1 as the secondary for RX J0539.9+0956. To date, these are the most rapidly rotating young SBs known. From the orbital solution, we found a mass ratio of q = 0.46 ± 0.02 and period of ∼4 days for RX J0513.1+0851 and q = 0.66 ± 0.11 and a period of ∼1117 days for RX J0539.9+0956. On basis of the Baraffe et al. (1998) pre-main sequence models and our derived stellar properties, we estimated the luminosities, L = 1.28 L ⊙ and L = 0.3 L ⊙ , and distances, ∼ 220 and 90 pc, for RX J0513.1+0851 and RX J0539.9+0956, respectively. These estimates are important because to date we do not have an accurate method to measure the distance and space motion of these targets. These luminosities are significantly lower than would be expected if RX J0513.1+0851 and RX J0539.9+0956 were located at a distance of 400 pc, but are consistent with the low masses and relatively young ages of the component stars. RX J0513.1+0851 and RX J0539.9+0956 are significant within the sample of known young SB2s because of their high rotational velocities. This provides us with fundamental clues about the possible initial conditions in the formation of a binary system and the subsequent evolutionary phases.
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